Background: There is a continuing need to examine the relationship between diet quality and health in the population. The Healthy Eating Index (HEI) has been developed as a composite measure of diet quality by the US Department of Agriculture. Objectives: The first objective was to use the HEI to assess the diet quality of a representative sample of the US population and population groups. The second objective was to examine the association between HEI and obesity. Design: Cross-sectional analysis of data from 10 930 adults who participated in the Third National Health and Nutrition Examination Survey. Sociodemographic, physical activity, dietary, and health data were used in the analysis. Diet quality was assessed with the HEI score, ranging from 0 to 100, based on 10 dietary criteria. A low HEI score indicates poor diet. Results: A majority of survey participants had a low HEI score. The percentage of individuals classified as having a poor diet varied by age, gender, race/ethnicity, income, and education. A low HEI score was associated with overweight and obesity. There was a graded increase in the odds ratio of obesity across the HEI category after adjusting for age, gender, race/ethnicity, physical activity, smoking, alcohol use, income, and education. Conclusions: An index of diet quality, such as HEI, may provide a comprehensive assessment of diet in the population. Since the HEI is based on the US Dietary Guidelines, the use of these guidelines as a way to improve health should be emphasized. However, the overall effectiveness of these guidelines in disease prevention needs to be studied further. Sponsorship: None.
Introduction
One of the US national health objectives for the year 2010 is to reduce the prevalence of obesity among adults to less than 15%. However, research indicates that the situation is worsening rather than improving (Flegal et al, 2002) . Not surprisingly, eating too much and exercising too little exert a great influence on the development of overweight and obesity. Recent epidemiologic studies of diet and health outcomes including obesity have changed the focus to the overall diet quality and dietary pattern instead of single nutrients, such as dietary fat (Hu et al, 2000; Fung et al, 2001a, b) . This concept was emphasized in the Dietary Approach to Stop Hypertension (DASH) trial, where a diet rich in fruits, vegetables, and whole grains with only small amount of fat and meat has been shown to be effective in reducing blood pressure (Appel et al, 1997) .
Two methods are commonly used in the study of diet quality and health. First, statistical techniques such as factor analysis and cluster analysis may be used to identify the common dietary patterns and then relate these patterns to the health outcome. Using this approach, a diet with a high intake of red meat, processed meat, and refined products has been associated with higher cardiovascular risk compared to a diet with high intake of fruits, vegetables, and whole grains (Hu et al, 2000; Fung et al, 2001a) . In addition, a higher intake of fruits, vegetables, and whole grains was recently confirmed to be associated with smaller gains in body mass index (BMI) and waist circumference (Newby et al, 2003) , and dietary 'meat' pattern was positively associated with BMI in a multiethnic group of women (Maskarine et al, 2000) .
The second approach to assessing an individual's diet is to score it with a set of criteria to produce a composite index of diet quality. Examples include the Diet Quality Index (Patterson et al, 1994; Haines et al, 1999) , the Diet Diversity Score (Kant et al, 1995) , and the Healthy Eating Index (HEI) (Kennedy et al, 1995; McCullough et al, 2000a) . Some studies have examined dietary intake patterns, which were then used to describe the effects of dietary quality on health outcomes (Kant et al, 1995; McCullough et al, 2000a, b) . However, based on these studies, the nutritional etiology of obesity remains unclear and controversial. A review of eating patterns and BMI found that dietary patterns defined by using indexes, factors, or cluster analysis were inconsistently related to BMI (Togo et al, 2001 ). Inconsistencies among these earlier studies have been attributed to variations in the: age of the populations studied, study protocols, dietary assessment methods, composition and range of dietary index, and genetic predisposition for obesity, as well as limited control for social, environmental and physical activity influences, which may have introduced confounding through misclassification of dietary variables. Further, most of these studies did not examine associations of dietary patterns on obesity separately among different age groups.
Our goal in undertaking a comprehensive analysis of dietary patterns in relation to overweight and obesity was to clarify some of the inconsistencies in the earlier studies. Therefore, in this study, we focused on the HEI, which has been developed by the US Department of Agriculture as a measure of diet quality. The HEI is constructed for monitoring dietary intake and nutrition promotion activities for the US population (Kennedy et al, 1995) , and employs 10 criteria for evaluating diet quality with possible HEI scores ranging from 0 to 100 (see Table 1 ).
The HEI criteria are based on the Dietary Guidelines for Americans and the Food Guide Pyramid (USDA, 1992; USDHHS & USDA, 1995) . Although these guidelines are aimed at improving health and reducing the risk of chronic diseases, the data supporting the overall effectiveness of these guidelines are sparse (McCullough et al, 2000a, b) . The background, rationale, and significance of focusing on the HEI as a measure of dietary quality has been documented in detail elsewhere (Bowman et al, 1998) . The relationship between HEI and nutrient intake has been validated in a sample of 340 women, where a higher HEI score was associated with a higher plasma concentration of alpha-carotene, beta-carotene, beta-cryptoxanthin, lutein, and vitamin C (Hann et al, 2001) . However, the HEI profile of the US population and population subgroups has not been adequately described. In addition, whether the HEI can be related to obesity has not been studied. In this paper, we examined the HEI profile of the US population and its subgroups. We hypothesized that a low HEI score was associated with overweight status, because the HEI included the most prominent components from the Dietary Guidelines for Americans and the Food Guide Pyramid, which were regarded as the promoting a healthy American population (USDA, 1992; USDHHS & USDA, 1995) .
Subjects and methods
The Third National Health and Nutrition Examination Survey (NHANES III) is a nationally representative survey of the US civilian population using a stratified, multistage, probability sample design. The details of survey design and methods are available elsewhere (CDC & NCHS, 1994) . Briefly, the data were collected by using questionnaire and personal interview administered by health interviewers, and the mobile examination centers were used to obtain the anthropometric, clinical, and laboratory measurements. For NHANES III, 39 695 individuals were selected over 6 years. Of these, 33 994 (86%) were interviewed and 30 818 (78%) participated in the clinical examination. For this study, we focused on 16 046 individuals 20 to 75 y of age from the total of 30 818 individuals aged 2 months to greater than 80 y old. We excluded 3133 participants whose interviews were coded as unreliable. These included mostly individuals whose response to the interview was 'Don't Know' and to a lesser extent, obvious outliers identified from the schematic plots of energy intake, body weight, and height. We also excluded 1525 individuals with missing or incomplete data and 230 pregnant women. Our study sample consisted of 10 930 individuals.
Data for analysis included anthropometric and dietary intake data. Additional data included sociodemographic data (age, sex, race/ethnicity, household income, and education), serving Total fat intake 0-10 30% or less of total energy intake 45% or more of total energy intake Saturated fat intake 0-10 Less than 10% of total energy intake 15% or more of total energy intake Cholesterol intake 0-10 300 mg or less 450 mg or more Sodium intake 0-10 2400 mg or less 4800 mg or more Food variety 0-10 8 or more different items in a day 3 or fewer different items in a day * Adapted from Bowman et al, 1998. w Individuals with intake between the minimum and maximum ranges were assigned scores proportionately. z Number of servings depends on the Recommended Energy Allowance. physical activity, smoking status, and alcohol use. Body weight was measured using a beam balance scale and height was measured using a stadiometer. From these, BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). We defined three weight categories using Dietary intake data were obtained from 24-h dietary recall using an automated, interactive interview. From these data, the food and nutrient intake of each individual was calculated. Accordingly, the HEI score for each individual was computed from 10 equally weighted components that represent different dietary guidelines. Each component has a minimum score of 0 and a maximum score of 10. Individuals with intake between the minimum and maximum ranges were assigned scores proportionately (Bowman et al, 1998) . The total HEI score ranges from 0 to 100.
We defined five racial/ethnic groups: non-Hispanic white (n ¼ 4284), non-Hispanic black (n ¼ 3073), Mexican Americans (n ¼ 3114), other Hispanics (n ¼ 297) and other nonHispanics (n ¼ 162). We defined three income groups using the percentage of poverty, based on total household income adjusted for household size (CDC & NCHS, 1994; USDHHS, 1998) : lower income (less than 185%), middle income (185-350%), and higher income (more than 350% of poverty). Educational attainment was reported as the actual number of years of schooling completed. This was categorized into two groups: lower (high school education or less) and higher (college education or more).
Physical activity was assessed by the self-reported frequency of eight specific leisure time activities during the previous month. These were summed together and used as a continuous variable in the multivariate analysis. Similarly, the frequency of alcohol consumption was used in the analysis as a continuous variable. Smoking was classified into two categories: smokers and non-smokers/ex-smokers.
Statistical analysis
Appropriate sampling weights were used in the analysis to account for complex survey design, where sampling weight assigned to each individual was commonly defined as the inverse of the probability of being selected into the sample (CDC & NCHS, 1997). The mean HEI score was calculated, stratified by age group (20-40, 41-60, and 61-74 y) , gender, race/ethnicity, income, and education level. We used the recommended HEI criteria (Bowman et al, 1998) to define diet quality as 'good' (a score of 81 or more), 'needs improvement' (a score between 51 and 80), and 'poor' (a score of 50 or less). The percentage of individuals in each of these HEI categories was calculated and compared across the sociodemographic groups.
The mean HEI score and the proportion of subjects in each HEI category among the normal weight, overweight, and obese subjects were calculated and compared. Comparisons of HEI categories across sociodemographic groups were performed by the linearization (Taylor series) variance estimation method (Wald's F tests) for continuous variables. Cochran-Mantel-Haenszel x 2 tests were used for categorical variables. Age, gender, race/ethnicity, income, education, physical activity, smoking, and alcohol use were considered to be the confounders and were included in all models.
Other potential confounding factors were marital status, residential area, and time of migration. To assess the effect of these factors, the odds ratio (OR) for overweight and obesity was calculated by adding these variables, one at a time, to the original model. Any variable that changed the OR by 10% or more compared to the original model was considered to be a confounder. A similar approach was used in the multivariate regression model. Marital status, residential area, and time of migration did not meet this criterion. In addition, we fitted regression models by using quadratic terms for age, because age may not be linearly related to obesity. We checked for effect modification by creating interaction terms for age and HEI, sex and HEI, and age and sex. We then tested the interaction terms in the final model to see if the model fit improved. The final multivariate regression models were used to estimate the least-square mean (LSM) for HEI score, and OR for weight status, controlling for age, age squared, sex, race/ethnicity, income, education, physical activity, smoking, and alcohol use. In order to identify the effect of sex hormones on obesity, these same analyses were employed for men and women separately. All analyses were performed with SUDAAN, version 7.5 (Research Triangle Institute, Research Triangle Park, NC, USA) and SAS for WINDOWS software, version 8.2 (SAS Institute, Cary, NC, USA).
Results
The mean HEI score and the proportion of subjects in each HEI category (good, needs improvement, and poor), stratified by sociodemographic groups, are presented in Table 2 . The mean HEI score for the total sample was 63.2. As shown, the mean HEI score varied across sociodemographic groups, being lower in the younger age group, men, non-Hispanic blacks, and among individuals with lower income and education. About 18% of the total sample was classified as having a poor diet. The proportion of individuals in each HEI category also varied, with a higher percentage of individuals consuming a poor diet were found among younger age groups, men, non-Hispanic blacks, smokers, those with a lower income, and the less educated compared to other groups. Table 3 compares the LSM for the HEI score and the percentage of individuals in each HEI category among the normal weight, overweight, and obese subjects after adjusted for the sociodemographic characteristics described above. The LSM for HEI score was significantly lower among obese individuals compared to the normal weight individuals in the total sample and in women. The proportion of individuals classified as having a good diet was also lower among the obese as compared to normal weight subjects. The proportion of individuals classified as having a poor diet was higher in the obese as compared to normal weight subjects, but the difference was not statistically significant.
The OR for occurrence of overweight and obesity according to the HEI category is shown in Table 4 . These estimates were adjusted for age, race/ethnicity, physical activity, smoking, alcohol use, income, and education using the high HEI as the referent category (OR ¼ 1.0). In addition, the distribution of HEI score by weight groups is shown in Figure 1 . With HEI score decrease, there was a significant increase in likelihood of being overweight in the total sample and in men, but this was not observed in women. The trend for increasing occurrence of overweight was not statistically significant either in the total sample or men. Similarly, there was a significant and graded increase in likelihood of obesity with descending HEI score in the total sample and in both men and women. A significant trend of toward in increased likelihood of obesity was observed in all groups. For example, the OR of obesity among men classified as having a poor diet was about twice that of men classified as having a good diet.
Discussion
Our results show that the diet quality as assessed by HEI varied according to sociodemographic factors such as age, gender, race/ethnicity, income, and education as well as lifestyle factors, such as smoking, alcohol use, and physical activity. The mean HEI score was higher among the older individuals, women, other Hispanics, other non-Hispanics, and individuals with higher income and education. Conversely, more of the younger age groups, men, non-Hispanic blacks, and individuals with low income and education were classified as having poor diet. The HEI-based diet quality in our study sample is comparable to that reported in the 1994-1996 Continuing Survey of Food Intakes by Individuals (Bowman et al, 1998) . For example, only about 11% of the total sample was classified as having a good diet while about 72% had a diet that needs improvement. The analysis of the relationship between HEI and obesity showed that the mean HEI score was significantly lower among the obese subjects compared to normal weight subjects in the total sample and in women. The percentage of overweight and obese individuals classified by HEI category (poor diet, diet that needs improvement, and good diet) was generally higher among individuals classified as having a poor diet or a diet that needs improvement (HEI scores of less than 50 and 80, respectively) compared to those with a good diet (HEI score of 81 or higher), but none of the differences was statistically significant.
A diet index such as the HEI provides a comprehensive assessment of diet quality although the number of criteria used in computation of the index limits it and it does not provide information about specific foods. While a high HEI score obviously indicates a good diet, whether a high score is also favorably associated with health outcomes, in this case obesity is not known. Our results show that a poor diet, as defined by the HEI based on the Dietary Guidelines for Americans and the Food Guide Pyramid, was associated with overweight and obesity even though the HEI is not obesityspecific, that is, neither the dietary guidelines nor the food guide Pyramid were specifically designed to prevent or reduce obesity.
An important question raised by this study was whether the HEI adequately captures the overall diet quality. Likewise, the effectiveness of the Dietary Guidelines for Americans in chronic disease prevention has also been questioned. Two recent studies of HEI and health outcomes in large cohorts of health professional men and women found little or no association between HEI and the risk of major chronic diseases (McCullough et al, 2000a, b) . However, these studies used the modified form of HEI (HEI-f) calculated from the food frequency questionnaire (FFQ), which does not provide an absolute value of intake, and did not include obesity as an outcome. In our study, the HEI score computed from 24-h dietary recall was associated with a significantly higher OR of obesity after controlling for confounding factors such as age, sex, race/ethnicity, physical activity, education, income, smoking, and alcohol use. The OR of being obese was nearly twice as high among individuals with a poor diet compared to those with a good diet, and in general, there was a graded increase in occurrences of obesity as the HEI score decreased. Our results are consistent with other studies of dietary patterns using factor analysis or cluster analysis, which showed that the 'Western' dietary pattern with high intake of red meat, processed meat, refined grains, and high-fat dairy products was associated with higher risk of coronary heart disease compared to the 'prudent' dietary pattern rich in fruits, vegetables, fish, poultry, and whole grains in both men and women (Hu et al, 2000; Fung et al, 2001a; Newby et al, 2003) . However, studies of diet quality and obesity using either a diet index, factor analysis, or cluster analysis produced contradictory results (Togo et al, 2001) . These earlier studies concluded that the heterogeneity of food intake patterns and the lack of a gold standard for the application of these techniques impeded the consistent finding of a relationship between food intake patterns and health outcomes. Using factor analysis, however, a recent study in Brazil has shown that the 'traditional' dietary Healthy Eating Index and obesity X Guo et al pattern that relies mainly on rice and beans was associated with lower risk of obesity, but an association between the 'Western' or 'mixed' dietary patterns and obesity was not clear (Sichieri, 2002) .
The major limitation of our study is the use of crosssectional study design, which cannot provide evidence of a causal relationship between HEI and obesity. However, it is generally accepted that poor diet is associated with the subsequent development of several chronic diseases. In addition, we could not control for the genetic predisposition for obesity in our analyses. This is because we failed to find an optimal variable with enough sample size to represent participant's parent(s) weight status, especially among elderly. Another possible limitation of this study is the under-reporting of food intake by some overweight and obese individuals, a well-known difficulty in the population study of diet and obesity. Since the HEI score is a specific algorithm that represents a summary measure of dietary quality, and combines information on the amount and variety of foods as well as recommendations for consumption of specific food components (Kennedy et al, 1995) , like multiple-day dietary recalls, the systematic error, such as that caused by diet under-reporting, could be alleviated when more dietary components were used. In our study, this effect is not a significant problem, because under-reporting of intake would only serve to underestimate the association between HEI and obesity.
In conclusion, our results suggest that HEI is associated with obesity in the US population. Since the HEI is based on the Dietary Guidelines for American, the use of these guidelines as a way to improve health should be emphasized. However, the overall effectiveness of these guidelines in disease prevention needs to be investigated further in prospective studies and among different populations, especially populations outside the US.
